This paper deals with a versatile, synthetic, simple and user-friendly method based on Life Cycle Assessment studies which summarizes multifaceted, often competing, environmental, technical and economic aspects in road construction. In many cases just economic criteria are applied in call for tenders, because the calculation of the environmental impact of road construction is difficult. In fact, it can be referred to many available options and both the economic and the environmental suitabilities have to be considered, in order to achieve globally sustainable results about road infrastructure work. In this research, the weighted sum model of multicriteria analysis is identified as the tool to evaluate global impact of road works, to compare solutions and to choose the best one.
Introduction

Pavement Surface and Road Performances
Environmental evaluation of road infrastructure is as important as its technical and structural design. Not only economic criteria but also environmental criteria should be introduced in calls for tenders for the design/construction/maintenance of road infrastructure. Considering only economic costs, and often only construction costs, to evaluate a road project exposes society to unacceptable risk of improper decisions. In road works, design and construction decisions affect environmental impact during construction, all service life and demolition, which not only entail the current availability but also the future needs of resources and materials.
Also road calls for tenders may meet the demand of sustainability internationally recognized since 1987, when the first report published by The World Commission on Environment, "Our Common Future" points attention to sustainable development. This is "development that meets the needs of the present without compromising the ability of future generations to meet their own needs" (United Nations World Commission on Environment and Development, 1987) . In 1996, the World Bank Group highlighted "the need to reform transport policy in order to support a better quality of life on a sustained basis". Particularly, "environmental and ecological sustainability requires that the external effects of transport be taken into account fully when public or private decisions are made that determine future development" (World Bank, 1996) .
Road Infrastructures and Sustainability
important Community policies and it should be an objective in the technical requirements relating to the characteristics of the works, supplies or services covered by a contract. The European Union acknowledges Public Administrations (PA) and authorities as consumers, which spend approximately 2 trillion euros annually, so they represents around 17% of GDP in the EU. By promoting and using Green Public Procurement (GPP), public administrations can contribute to sustainable development and incentive studies and research for green technologies and products.
In 2009, the European Union Road Federation (ERF), the Brussels Programme Centre of International Road Federation (IRF), defines roads as sustainable if "through effective planning, design, construction, operation, maintenance and rehabilitation, they have the capacity to … respect the environment". For ERF-IRF one of the environmental goals to sustainable roads is "developing a methodology to audit the environmental quality of road projects during their complete life cycle, from planning to maintenance, including not only planning materials, construction, maintenance, service and demolition, but also evaluation of the optimisation of the energy consumption of vehicles" (European Road Federation and International Road Federation Brussels Programme Centre, 2009 ). There is clear responsibility of the transportation sector in achieving the goals of sustainable development. Environment road work analysis can contribute to finding the most environmental advantageous solution), also considering the functional performances of road pavements (Loprencipe & Cantisani, 2013) . As yet, no one method has been defined to assess environmental impact of road construction work and compare solutions. Some software programs are available (PRé Consultants, 2007; Weidema et al., 2011) to calculate several types of environmental impacts, as greenhouse gases, land use, water and air pollution and water consumption. Methodology adopted by these software programs permits weighted analysis to choice between competing options. This paper deals with an innovative methodology approach which is based on the multicriteria analysis (MCA). Each material, process or work needed to have the final product "road" affects the global environmental impact of construction or maintenance work. The proposed model takes into account all ecoinvents related to each single process. Each related dataset represents the production or transportation of 1 unit considering emission, raw materials and energy consumption. The proposed approach can be applied at all levels of decision-making to reduce deterioration and environmental impact, but also minimize costs and protect public health and social interests.
State of the Art in Europe: Legal Framework
In the previous years various documents adopted by European Commission witness the interest to apply environmental rules in public procurement. The following is a summary of the European legal framework about green public procurement. In 1997, the Single European Act in article 130r(2.2) states: "Environmental protection requirements shall be a component of the Community's other policies" (European Union, 1986) .
The orientation of the Community legislature has strengthened in direction defined by the Green Paper (European Commission, 1996) , through the new ideas identified in the Communication COM (2001) (European Commission, 2001c) . The first one acknowledges the "possibilities of the existing Community legal framework with regard to the integration of environmental considerations into public procurement". The second one highlights that public sector procurement can develop a market that includes environmental protection requirements. GPP is therefore a strategic tool also for the implementation of the Integrated Product Policy (IPP) launched by the "Green Paper on Integrated Product Policy" (European Commission, 2001d) . The Commission Communication "Integrated Product Policy -Building on the concept of life cycle" confirms this rule and expressly provides the need for Member States to draw up National Action Plans for greening their public procurement (European Commission, 2001e) . Vol. 7, No. 11; 2013 procedures of entities operating in the water, energy, transport and postal services sectors" (European Parliament and Council, 2004a) Parliament and Council, 2004b) have outlined the framework for so-called "green procurement" of public administrations. Contracting authorities should pursue the protection of the environment and the promotion of sustainable development establishing environmental requirements in tenders. Directives introduce specific requirements to the adoption of environmental criteria in the selection of technical specifications and define award criteria contracts, services and supplies by public tender, applying the GPP within specifications.
The Directives accept the guidelines contained in the above-mentioned documents and acts, consistent with the provisions as referred to in Article 6 of Consolidated version of the Treaty On European Union (97/C 340/02) which states "Environmental protection requirements must be integrated into the definition and implementation of the Community policies and activities …omissions…, in particular with a view to promoting sustainable development" (European Union, 1997).
The Communication "Public procurement for a better environment" (European Commission, 2008) defines Green Public Procurement as "a process whereby public authorities seek to procure goods, services and works with a reduced environmental impact throughout their life cycle when compared to goods, services and works with the same primary function that would otherwise be procured".
The Treaty of Lisbon, which entered into force on 1 December 2009, marked by incorporating the provisions of the Treaty on European Union (TEU), the first step towards the development of the concept of sustainable development into the common policies and within the Member States (European Union, 2007) . So reads, in fact, the existing paragraph 3 of art. 3 of the TEU: "The Union shall establish an internal market. It shall work for the sustainable development of Europe based on balanced economic growth and price stability, a highly competitive social market economy, aiming at full employment and social progress, and a high level of protection and improvement of environmental quality. It shall promote scientific and technological progress" (European Union, 2010a). The art.11 of the Treaty on the Functioning of the European Union keeps the meaning of article 6 Treaty establishing the European Community and states: "Environmental protection requirements must be integrated into the definition and implementation of the Union policies and activities, in particular with a view to promoting sustainable development" (European Union, 2010b).
The latest stage of this path is made by the Communication from the Commission "Europe 2020: a strategy for a smart, sustainable and inclusive growth" which, in future scenarios for the Union, identifies the main line of evolution in smart, sustainable and inclusive where "growth sustainable means building an efficient in terms of resources, sustainable and competitive economy, exploiting Europe's leadership to develop new processes and technologies, including green technologies." In this way it aims to promote "the EU to prosper in a world of low-carbon and resource-constrained, while preventing environmental degradation, biodiversity loss and unsustainable use of resources and economic cohesion , social and territorial cohesion" (European Commission, 2010a).
The Communication "Green paper on the modernisation of EU public procurement policy towards a more efficient European Procurement Market" identifies the areas that could be subject to changes and adjustments to existing EU legislation (European Commission, 2011) . The Commission has launched a finished public consultation on paper, so the Commission probably will present specific legislative proposals to simplify and update the existing regulatory framework for public procurement set by Directives 2004/17/CE and 2004/18/EC.
Green Public Procurement in Europe
The EU Commission has now published recommendations to define GPP criteria for nineteen sectors. These products or services have common EU GPP criteria:  copying and graphic paper;
 cleaning products and services; Member States and European local authorities have started to integrate environmental considerations into their public procurement, however the green tenders successfully launched so far do not concern road infrastructures.
Green public procurement has been highlighted as an important element in the Sustainable Energy Action Plan (SEAP) guidebook, which stipulates that the plans should cover areas "where local authorities can encourage markets for energy efficient products and services" (Bertoldi et al., 2010) .
The biggest obstacles to GPP dissemination are:  poor flexibility of public organizational structures, cultural inertia, elements of misinformation and disinformation;  lack of awareness of environmental issues by the producers;  lack of knowledge of the GPP approach and lack of information on green products;  difficulty to define and recognize the characteristics of "green" products or services;  technical and organizational difficulties during management of green tenders (main obstacle in 85% of cases);  perception of green products as more expensive than conventional (53%);  difficulty in finding suppliers of green products or services (33%).
 Austria, Denmark, Finland, Germany, The Netherlands, Sweden and the United Kingdom are the seven best performing EU Member States in terms of GPP.
In 2008, a study developed calculating methods to measure GPP requirement (PriceWaterhouseCoopers, Significant and Ecofys, 2009) . Two indicators have been defined:  the % GPP of total public procurement, in terms of monetary value (as a);
 the % GPP of total public procurement, in terms of the number of contracts (as b).
Taking account the ten product groups identified by European Community (European Commission, 2008) . as most suitable for greening under Green Public Procurement, average value of indicator a is more than 30%, equally distributed between core and comprehensive green. "Comprehensive" is the best environmental product available on the market, which may require additional administrative effort or implies a certain cost increase as compared to other products fulfilling the same function. "Core" is the most significant environmental impact with minimum additional verification effort or cost increases.
The introduction of environmental criteria is a relatively current practice because it requires special policies by the government agencies and green procurement has economic impact not yet considered by the PA. It will be possible to obtain higher levels of environmental compatibility both in requirement and in achievement only after having a critical and constructive sustainability approach at all steps.
Against traditional goods or services, green purchases may have higher economic costs, but ensures lower environmental impact. Estimated total average economic and environmental costs show the global advantage of a green solution. Only a critical and global approach can lead to correct evaluation of environmental impact.
For example, many would uncritically assign a positive value to the purchase of recycled aggregates. There are et al., 2004) can be bought by taking a natural aggregate from a nearby quarry, or from a faraway plant of recycled granulate which requires more attention. Comparative Life Cycle Analysis (LCA) between these two cradle to gate materials is advantageous for the latter. The global LCA, including transport and laying, comes out the side of the former. However, introducing the LCA and the social value assigned to the collection from quarry and the reduced use of landfill, may be preferable the latter. During design phase, environmental criteria cannot simply refer to the environmental performance of materials and/or construction products but must make a "green" project case by case.
As referred in the "Road Construction and Traffic Signs Technical Background Report", the Belgian Road Research Centre points out that whilst cold asphalt might save energy and therefore cost of production as opposed to conventional hot asphalt, it has the trade off in that it has to be replaced more frequently, thus incurring maintenance and capital costs (D'Andrea & Fiore, 2003) . So, if more options are available, comparative LCA should be taken to ensure the environmentally preferable solution. The proposed methodology aims to avoid the risk of judging "the greenest" environmental product that has less environmental impact performance of materials.
At present, both the efforts of the European Commission and the international community (ISO 14001: 2004 , ISO 14004: 2004 to preserve the Earth and its resources did not affect decision concerning the design, construction, maintenance, rehabilitation of road infrastructures. Probably, the experience gained in the fields of industry, energy, food and service will lead to apply GPP also in the field of road materials.
Methodology to Apply GPP in Road Construction
The approach to fatigue design instead of maximum permissible load and the visible early evolution of a road to its "destruction" (progressive deterioration of structural and functional level of service between two subsequent maintenance or reconstruction works) are specific characteristics of roads (European Commission, 2010b). In road construction and maintenance, it is also necessary to distinguish, for environmental purposes, the operation phase from the construction/maintenance one. The environmental consequences of the operation phase are poorly mitigated by constraints imposed by functional choices, needs for safety and traffic flow and constraints mapping. Just modifications to the vehicles and not different composition of the tracks or contributions of new materials can significantly reduce the environmental impact of the road during its life service (Cantisani, Loprencipe, & Primieri, 2011) .
Therefore, once established geometric design, it needs to build and maintain the road. These activities have specific significant influence on the environmental impact (Moretti, 2012) .
Although the environmental harm caused by the construction and maintenance is far less than the harm resulting from the traffic, it is only on the work that public administrations can effectively apply the green purchasing policy. Green road Procurement is often reduced defining the minimum environmental criteria for each supply required for construction and maintenance, as aggregates, binder, additives. Misinterpreting the concept of "green procurement", the road design process may run into false interpretations of the spirit of the European Directives.
What studies about product costs attributed to the user, like "Life Cycle Cost" (LCC), and about environmental impact of a product from cradle to grave, like LCA, so far have highlighted the difficulty of achieving acceptable overall results. Evaluations are conducted in the absence of unique methodologies that summarize in economic terms the multifaceted social and economic aspects. In the light of the mentioned outcomes, the present research was carried out to better take account of sustainable aspects in the procurement processes (Di Mascio et al., 2012) . The method adopted for the new approach to strategic environmental assessment of road projects is based on final dimensionless synthesis of environmental consequences related to each material or workmanship road. Chemical or physical indicators are evaluated and summed according to their own units of measurement without the need to monetize the environmental impact and so establish the cost of each. Including environmental criteria in road design, construction and maintenance allows a trend towards the objective of the Green Road. Environmental criteria are used to optimize the efficiency of use of resources and the reduction of direct and indirect environmental impact. A primary operational tool for assessing road environmental performance could be the "Environmental Bill of Quantities", modelled after the Bill of Quantities. This has a modular structure and consists of chapters on item of environmental harm related to each material or work. So, it's possible to obtain an objective assessment of single components involved in the environmental report. For example, the Environmental Bill of Quantities takes into account: Vol. 7, No. 11; 2013  emission of greenhouse gases,  water consumption,  use of raw materials and secondary raw materials,  production of waste including hazardous waste,  energy consumption recorded in all processes related to the finished product "road",  issue of gases that destroy the ozone layer,  acidification, photochemical oxidant formation,  powder emissions.
Where available, each entry of environmental pollution appears in each product sheet of materials, machines and operations.
Product data sheets, provided by the manufacturers and certified according to ISO 14025 (ISO 14025:2006) , should be like EPD®. EPD is an environmental declaration developed in Sweden to provide environmental information and become an international reference. An environmental Bill of Quantities can be complementary to the Bill of Quantities and can help to compare products that fulfill the same function. Research has identified the MCA as a tool to support the decision-making (Dano et al., 2011) as an appropriate means for assessing a road project with a GPP approach. The MCA method results in an overall satisfactory solution about parameters of environmental priority established by the PA. The comparison algorithm permits for the evaluation projects according to varying criteria, selected and weighted by the PA. Depending on the specific configuration of the problem, a selected risk-seeking pool chooses the weighting factors between zero and one (Lazim et al., 2013) . In fact, the impact of the same environmental parameter varies with the local contest and the stakeholders' objective (Abdullahi et al., 2013) .
Case Study
The authors estimated environmental impact of 1 m 3 of three asphalt concrete mixes to be applied in a road pavement. Bituminous binder compositions consist of volumetric quantities presented in Table 1 . In the Mixes 1 and 2:  80% of the coarse and fine aggregates is available in a quarry 30 km away from the asphalt concrete plant;  20% of the coarse and the fine aggregates and filler is in a quarry 55 km away from the asphalt concrete plant.
In the Mix3:  80% of the coarse and fine aggregates is available in a quarry 35 km away from the asphalt concrete plant;  20% of the coarse and the fine aggregates and filler is in a quarry 50 km away from the asphalt concrete plant.
The road construction site is 25 km away from the asphalt concrete plant.
Environmental impacts are derived by:  for bitumen and emulsion bitumen, the Life Cycle Inventory of Bitumen published by Eurobitume in 2012 (Eurobitume, 2012) ; Vol. 7, No. 11; 2013  for aggregates, the Environmental Impact Categories of cradle to gate aggregates defined by Union Européenne des Producteurs de Granulats (European Aggregates Association) in 2012 (Union Européenne des Producteurs de Granulats, 2012) and by Cimbéton in 2011 (CIMbéton, 2011 ;  for transportation and operating machines manufacturers' data sheets, the Cimbéton's analysis and data published by Wirtgen (CIMbéton, 2011; Wirtgen, 2013) .
The examined impact categories are: nonrenewable resources, renewable resources, electric energy, photochemical oxidant formation potential, hydric resources, nonhazardous waste, hazardous waste, equivalent carbon dioxide emission, ozone depleting substances emission, acidification, photochemical oxidation, eutrophication, powder emission and ecotoxicity. Table 2 shows the quantity of materials and work need to produce, transport and pave 1 m 3 of the mixes. These environmental factors depend on the specific geographical and environmental context in which works are conducted. Table 3 shows the Environmental Bill of Quantities referred to all processes related to the finished product "1 m 3 of asphalt concrete". This tool allows to compare more asphalt concrete mixes.
Each list of impact category quantities is the vector d which represents environmental impact related to its mix. Stakeholder may compare the presented mixes using weighted sum model of multicriteria analysis.
To compare m design alternatives, vector d (1*n) must be created for each design alternative. The vector lists total impact in each of n examined environmental categories. All vectors d for all m alternatives may be represented in the matrix of alternatives (A), see Equation (1), that may be used in the multi-criteria decision method of weighted sum model.
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Modern Applied Science Vol. 7, No. 11; 2013 A physical dimension is associated to each element a i,j of A matrix, so must be calculated the dimensionless decision matrix (D) using for each of n environmental categories the functions as Equation (2):
that vary according to the project and depend on range:
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Knowing f(j), the elements d i,j are calculated in Equation (3):
Product between the m*n dimensionless decision matrix (D) and the column n*1 weight vector (w) allows to calculate the impact vector i by Equation (4).
D w i  
(4) Each weight represents the different cultural perspectives (Frischknecht & Hofstetter, 1996) with which environmental problems and uncertainties related to them are perceived.
Each element i i,m of i vector represents in a concise and numerical way the environmental impact of i-th design alternative.
Appling Equation (4), having the weight vector w represented in Equation ( 
The Mix 2 has the lowest environmental impact, equal to 0.35 (Table 4) . The presented case study demonstrates that the proposed method allows the numeric comparison between synthetic dimensionless variables using weights defined by the PA on local environmental context. MCA can be applied at all levels of decision-making, from the consideration of project alternatives to road-reaching policy decisions guiding a transition towards sustainability and the green economy. The new approach may be applied to evaluate global sustainability of examined problem, including social and economic factors. Road infrastructure works are expensive and often cause congestion, so their global impact affects global sustainability.
Moreover, MCA applied to GPP in road work may boost competitiveness in this sector, enhancing construction industry practices to raise the productivity, quality and timeless of transport infrastructure projects.
Conclusions
Issues of Environmental Aspects in public administration (PA) management are often named in international institutional frameworks. There needs to be a tool for pursuing environmental policy objectives during road life service. The present paper suggests an innovative method developed by the Civil, Building and Environmental Department of Sapienza University of Rome to estimate environmental impact of works. The model is based on knowing the environmental consequences of each material or work related to road construction, maintenance or rehabilitation certificated by producers or service providers. Life cycle environmental analysis (LCEA) allows to quantify impact of each road project decision. Integrating the LCEA with the methodology of multi-criteria analysis can be achieved a summary and dimensionless environmental impact assessment. The new method is valid for objectively compare different solutions.
The new methodology enables identification and quantification of environmental impact of road materials and construction, so effects on the environment can be evaluated for each item of environmental bill of quantities, a modular structure related and complementary to the bill of quantities. The proposed procedure is a robust, transparent and forward-looking decision framework that assesses environmental impact of road works using a versatile and user-friendly tool. MCA is valuable and increasingly widely-used tool to aid decision-making when there are competing options, as in road infrastructure work. The current study has practical implications as well. In effect, the approach is modular and simple. It could be a valid tool for designers, planners, decision-makers, government agency personnel, proponents and consultants. The tool allows analysis of environmental impact of road works with a procedure analysis that compares alternatives considering various impacts, both environmental and economic and social, chosen by stakeholders. It provides a decision-making structure towards the sustainability, the green economy and political, economic and social trends.
